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Method for detection of cancer 

The present invention relates to a method for diagnosis and prognostic assessment of 
disorders associated with frameshift polypeptides originating from frameshift mutations 
5 in coding microsatellite regions of genes based on the detection of immunological 
entities directed against said frameshift polypeptides in body fluids. 

Tumour cells accumulate mutations in components of cellular pathways, that are 
essential for the maintenance of normal growth and differentiation. In human epithelial 
tumors, 2 types of genetic instability have been Identified: chromosomal instability 
10 (CIN), which marks structural and numerical chromosomal aberration in aneuploid 
neoplastic cells, and microsatellite Instability (MSI), which reflects length variations at 
repetitive DNA sequences in tumour cells. The type and spectrum of mutated genes 
markedly differs among CIN and MSI tumours, suggesting distinct but not mutually 
exclusive pathways of carcinogenesis. MSI occurs in about 90% of hereditary non- 
15 polyposis colorectal cancers (HNPCC) as well as in about 15% of sporadic tumours of 
the colon and other organs, and is caused by mutational inactivation of different DNA 
mismatch repair genes. 

The mutations lead especially in the case of frameshift mutations in coding 
microsatellite regions to the expression of new peptide sequences in the affected cells, 
20 that do not occur in wild-type cells. The altered peptides may be used as detection 
markers for disorders associated with frameshift mutations in coding microsatellite 
regions such as degenerative disorders or cancers (e.g. gastrointestinal cancers). 

One problem with the detection of the respective marker molecules expressed by 
25 mutated cells, Is, that they may be not easily accessible. Regarding all disorders 
located within the body of individuals rather than on an accessible surface there are 
problems in sample preparation. This is especially crucial for early detection and 
screening tests. For these purposes the characteristic gene-products originating from a 
small number of mutated cells have to be detected. When excretions or body fluids are 
30 used as samples for detection methods, the potentially mutated cells affected by the 
disorder in question may be dispersed throughout the whole sample (e.g. 
gastrointestinal secretions), or may be concentrated in special locations within the 
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sample (e.g. stool). Thus the relevant Information about a disorder may easily escape 
detection. 

In the art a variety of approaches to enhance sample preparation has been proposed. 
These approaches comprise rather sophisticated, procedures for the preparation of 
5 sample from gastrointestinal secretions or from body fluids, to minimize the probability 
of the marker molecules to escape detection. 

The methods for detection of molecular markers suitable for diagnosis of disorders 
associated with frameshlft mutations in coding microsatellite regions and for 
assessment of prognosis for said disorders are prone to overlook especially markers 

10 originating from small populations of affected cells as they may occur particularly in 
early stages of the disorder. Furthermore the methods require an elevated effort in the 
preparation of testing samples to raise the probability of the detection of disorders. 
Especially concerning disorders located in body regions, that are merely inaccessible, 
or accessible only under circumstances, that are quite consuming or discomfortabel to 

1 5 patients alternative methods for reliable detection of molecular markers associated with 
disorders are desirable. 

The method as is claimed according to the present invention fulfils the needs present 
in the prior art as presented above. 

According to the present invention immunological entities produced by the immune 
20 system of individuate directed against novel peptides, that arose from ftameshift 
mutations in coding microsatellite regions, may be used for the detection of the 
presence of disorders within the body of individuals. 

The invention is based on the inventors findings, that new peptide sequences, arising 
from frameshift mutation in coding microsatellite regions, may induce immune 
25 response in organisms, and that furthermore the components of the immune system 
specifically directed against said peptides may be detected within body fluids. 

It is known in- the art, that the mutant proteins or peptides derived from aberrantly 
expressed proteins may elicit a specific cellular immune response and thus may be 
recognized by cytotoxic T lymphocytes (CTL). This is especially true concerning 
30 mutations resulting from chromosomal instabilities, but pertains also to the more subtle 
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The T-cel! mediated immune response on the other hand provides a strong and 
specific selection pressure for the rapidly growing tumour cells (Tomllnson I, et aL, Nat 
Med- 1999; §: 11-2). Thus tumour evolution is forced to circumvent the immune 
surveillance by the cellular immune response. As a consequence of this selection 
5 pressure, mutations in genes of the antigen processing or presenting machinery arise 
in DMA mismatch repair (MMR)-deficIent tumour cells. In fiact evasion of the immune 
surveillance by acquiring ^-microglobulin mutations has been observed at high 
frequency in MSV tumour cells (Bicknell DC, et al M Curr. Biol 1996; 6: 1695-7). Other 
targets of specific mutation or down-regulation of expression are TAP1/TAP2 or HtA 

10 alleles. Direct down-regulation of expression of immunogenic epitopes is also a 
possible mechanism of immune escape as has been shown for melanoma-associated 
antigens In vivo (Jager E, et al M Int J. Cancer 1997; 71: 142-7). Due to this feet the 
relevant epitopes may not be detectable by the Immune system. Thus it was 
suspected, that components of the immune system directed against novel peptides, 

15 characteristic for e.g. tumor cells, are not suitable for the detection of the disorders 
especially in the case of frameshift mutation peptides. This is due to the fact, that MSI 
disorders are frequently associated with DNA mismatch repair deficiency and thus are 
especially prone to mutations. This makes the affected cells especially apt to escape 
mutations in response to the attack by the Immune system. 

20 The inventors have now surprisingly found, that specific antibodies or antigen 
recognizing cells directed against a particular new frameshift peptide are in detectable 
levels present within the body fluids of individuals harbouring MSI associated 
disorders. This is especially due to the fact, that during specific stages of tumour 
development celts express the aberrant proteins. During these stages the peptides 

25 may be accessible to the immune surveillance, and thus an immune response may be 
elicited. Even though cell populations affected by respective disorders such as tumours 
may be eliminated from the organism, or may be mutated, such, that no further 
presentation of immunogenic epitopes may occur, there remains an Immunological 
memory of the presence of the respective peptides at a certain time. Such the 

30 evolution of a cell population affected by a disorder associated with the expression of 
new frameshift peptides leaves immunological traces of its existence consisting e.g. of 
antibodies and specific T-lymphocytes directed against the particular peptides. Hence 
the presence of specific immune response elements directed against a particular 
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frameshift peptide Is Indicative of the presence of a population of (tumour) cells, that 
expresses or has expressed at a certain time the respective peptide. 

To further enhance the fidelity of the detection of the presence or absence of a 
disorder a set of peptides frequently occurring in disorders such as tumours may be 
5 applied in the detection reaction. 

The present Invention thus provides a method for the detection of disorders associated 
with frameshift peptides arising from mutations in coding microsatellite regions based 
on the detection of specific immunological entities directed against said frameshift 
peptides present In the body fluids of affected individuals directed against said 
10 frameshift peptides. The method is suited for primary detection of disorders such as 
tumours, for the early detection of disorders or of precursory stages of disorders, and 
for the assessment of prognosis In said disorders. 

The method according to the present invention may be used for the detection of 
disorders associated with frameshift mutations within coding microsatellite regions of 

15 genes. These disorders comprise for example degenerative diseases, such as 
neurodegenerative diseases, vascular disorders, disorders caused by stress, such as 
oxidative stress, chemically induced stress, Irradiation induced stress, etc. and cancers 
including all sporadic cancers as well as HNPCC associated cancers, Cancers as used 
herein may comprise e.g. colorectal cancer, small cell lung cancer, liver cancer 

20 (primary and secondary), renal cancer, melanoma, cancer of the brain, head and neck 
cancer, gastrointestinal cancers, leukemias, lymphomas, prostate cancer, breast 
cancer, ovary cancer, endometrial cancer, lung cancer, bladder cancer etc.. 

The method according to the present invention may be applied to any eucaryotic 
organisms exhibiting an immunologic defense system. The eukaryotic organisms are 
25 for example mammalian animals and especially animals of agricultural value such as 
pigs, cows, sheep, etc., companion animals, such as cats, dogs, horses etc., animals 
employed in research purposes such as mice, rate, rabbits, hamsters etc. or humans. 

Immunological entities as used in the context of the present invention shall comprise 
any components of the mammalian immune system, that are abie to specifically react 
30 with an antigenic epitope. Such immunological entities may comprise for eKsmple 
antibodies, all immunoglobulins, such =s & n. igG. l2?"\ IcA, k*E, IcD, sdscKc CDS*** T- 
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Frameshift polypeptides as used herein shall comprise any polypeptides or fragments 
thereof, that arise by a frameshift mutation within a coding microsatellite sequence of a 
gene. A gene may harbour one or more coding microsatellite regions, that may give 
rise to frameshift peptides. The coding microsatellites according to the present 

5 Invention comprise mononucleotide repeats, dinucteotide repeats, trinucleotide 
repeats, tetranucleotide repeats and pentanucleotide repeats of any length. The 
repeats according to present invention contain preferably at least 3 and more 
preferably at least 5 repeats of the respective nucleotide pattern (1-5 nucleotides, 
which are repeated). The frameshift polypeptides as used according to the present 

10 invention comprise at least 1, more preferred at least 2 and even more preferred at 
least 3 amino acids of the mutated part of the polypeptide. Additionally the frameshift 
polypeptides may comprise fragments of the originally non-mutated proteins and/or 
may be fused to any other polypeptide sequences suitable for the purposes of the 
present invention. Examples of such polypeptide sequences are linker sequences, or 

15 structural peptide sequences, such as beta barrels, loop sequences etc. that facilitate 
the immunogenicity of the frameshift sequences according to the present invention 
within the fusion polypeptide. 

Frameshift polypeptides suitable for the method disclosed herein have to be 
immunogenic polypeptides. This requires, that the polypeptides may stimulate immune 
20 responses In host organisms either in the form the polypeptides adopt in their natural 
I environment and/or especially in the form the polypeptides adopt after processing by 

the cellular antigen processing and presenting machinery. 

in certain embodiments of the present invention, especially for the detection of specific 
antibodies directed against frameshift polypeptides, the frameshift polypeptides 
25 themselves may be employed. Immunogenic portions as used herein is a portion of a 
protein, that is recognized by a B-cell and/or T-cell surface antigen receptor. The 
immunogenic portions comprise at least 5 amino acid residues, more preferably at 
least 10 amino add residues and most preferably at least 15 amino acid residues of 
the frameshift polypeptides according to the present invention. 

30 Immunogenic portions useful for the detection of specific antibodies may be provided 
as oligopeptides or as part of larger proteins. This is dependent on the embodiment of 
the invention. Where antibodies are to be detected, the antigenic epitopes may either 
be primary structures of polypeptides or the epitopes may be built by complex 
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arrangements of tertiary structures of polypeptides. Concerning cells directed against 
specific frameshift peptides the relevant immunogenic portions are merely short 
fragments of peptides with a length of about 10-20 amino acids. Thus depending on 
the particular detection method the immunogenic portions have to be chosen. 

5 In one embodiment of the Invention a set of frameshift polypeptides Is used for the 
detection of antibodies. The set may be a combination of the relevant peptides in 
solution, in cases, where information about the presence of immunological entities in 
general is sought In contrast, when Information about the presence or absence of 
particular frameshift peptides within a set of peptides is sought, the frameshift peptides 
10 may for example be tested each as a single, simultaneously In multiple testing 
reactions. Such experiments may for example be carried out in form of multi-well tests 
or using peptide arrays eta 

The method for detection of disorders according to the present Invention thus may 
employ the detection of immunological entities directed against one single frameshift 
15 peptide or the detection of a set of immunological entities. The use of a multiplicity of 
potential mutations raises the probability to detect the presence of a particular disorder, 
and may furthermore give additional information useful In stratification of a disorder, in 
monitoring the disease course or in assessment of prognosis concerning the disease 
course. 

20 In order to address a representative choice of mutations potentially characterizing a 
disorder a set of frameshift polypeptides used according to the method disclosed 
herein comprises for example 5-20, In a preferred embodiment 10-30, in another 
preferred embodiment 20-50, in a more preferred embodiment 50-100, in an even 
more preferred embodiment 100-500 and in the most preferred embodiment more than 

25 500 different frameshift polypeptides originating from frameshift mutations in coding 
microsatellite regions. The frameshift polypeptides to be used as a set according to the 
present invention are selected with respect to a number of parameters characterizing 
said polypeptides. 

Ons crucial aspect Influencing the selection of the frameshift peptides fs the mutation 
30 frequency o? the relevant microsatsliite region and thus the frequency of a particular 

expressed frameshift polypeptide. Muteflon frequency as used In the context of the 
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of the percentage of individuals in a range of samples displaying the ejdstence of a 
particular genotype or phenotype (with respect to the expression of polypeptides) may 
be employed for the determination of the frequency according to the present invention. 
The frequencies may be determined e.g. as described below in example 4. 

5 The frequency may be the frequency of frameshift mutations within a coding 
microsatelllte region or a frequency of expression of a frameshift polypeptide. 
Furthermore the frequency may be e.g. a frequency over a total of different tumour 
entitles, the frequency with respect to a particular tumour entity, a frequency over 

a » • * 

several tumours entities restricted to particular stages of tumourigenesis or a frequency 
10 with respect to a particular tumour entity restricted to particular stages of 
tumourigenesis. 

The frequency according to the present invention has to be determined taking into 
account a range of samples sufficient to render significant data. For example 
preferably at least 50 to 100 tumours may be included in the range of samples 
15 analysed, in case, that a smaller number of samples has been taken into account for 
determination of the frequency, a variation of the determined frequency may take 
place, if the range of samples is broadened. 

Using frameshift polypeptides, that occur in a very large percentage of tumours, the 
probability, that a particular tumour expresses the peptide and may thus give rise to 

20 antibodies or antigen-recognizing cells, increases. By combination of multiple such 
polypeptides, the probability to address particular tumour cells further is raised. 
Preferred frameshift polypeptides according to the present invention occur in at least 
25%, more preferred frameshift polypeptides in at least 30% and most preferred 
frameshift polypeptides in at least 33% of the cases of the particular condition to be 

25 detected by the method according to the present invention. For example a set of 10 
polypeptides, each occurring with a frequency of more than 30 percent will statistically 
cover a range of more than 95% of the potentially existing disorders, as far as they 
have been included in the studies leading to the respective frequencies. 

A second aspect influencing the choice of a suitable set of frameshift polypeptides 
30 concerns the type of mutation found in the microsatellite region (Polypeptides encoded 
by genes with coding microsatellites and the respective polypeptides encoded by 
genes with frameshift mutations are given in Figure 5). The most common frameshift 
mutation in coding microsatellites is the -1 mutation. In these mutations one nucleotide 
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fs deleted such that the reading frame is shifted by one nucleotide behind the original 
reading frame. This type of mutation renders a reading frame Identical to that produced 
+2 mutations, which arise from two nucleotide insertions in the respective 
microsatellites. The respective polypeptides differ by one amino acid. The other 
5 mutation variant leading to frameshift mutations differing from -1 mutations concerning 
the resulting reading frame is the +1 mutation, arising from one nucleotide insertion, 
thus rendering a reading frame one nucleotide in front of the wild-type reading frame. 
This mutation type gives a reading frame identical to that of -2 mutations, wherein the 
encoded polypeptides differ by one amino acid. -3 and +3 mutations are irrelevant 

10 according to the present Invention, for they do not give rise to frameshift polypeptides. 
According to the present Invention the polypeptides included within the set shall be 
selected as to cover the widest possible range of disorders. Thus a set comprises for 
example -1 frameshift polypeptides and additionally +1 frameshift polypeptides. Using 
more than one possible novel reading frame of the particular gene broadens the 

15 spectrum of addressed cells and thus may prevent escape of particular cells from 
being detected according to the present Invention. 

A further aspect influencing the choice of the member polypeptides included In a set of 
frameshift polypeptides according to the present invention is the Involvement of the 
gene encoded for by the coding sequence containing the respective mlcrosatellite in 

20 particular biochemical pathways. The term biochemical pathway is used with a rather 
broad meaning herein. Biochemical pathways as used within this document shall for 
example include signal transduction pathways, enzymatic pathways, apoptosls 
pathways. DNA repair or polymerization pathways, the pathway of meiosls etc.. To 
broaden the spectrum of disorders to be addressed by the set of frameshift 

25 polypeptides, members of different pathways are included in the set. In a preferred 
embodiment at least 3 different pathways, in a more preferred embodiment at least 4 
different pathways and in the most preferred embodiment at least 5 different pathways 
are represented by the frameshift polypeptides in a set according to the present 
Invention. For example the TGFPRII as a member of a signal transduction pathway 

30 may be used in combination with the BAX gene as a member of the apoptosis pathway 
with additional other polypeptides associated with other pathways. 
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codons. Thus fch© new peptides are not of the same length as the polypeptides 
naturally encoded by the particular gene. In most cases the new peptides are shorter 
or even drastically shorter than the original wild-type polypeptide. Frequently rather 
oligopeptides arise from the frameshift mutations. The fidelity of the immune system in 
recognizing "foreign* molecules reaches thus far, to identify even polypeptides, that 
differ from "own" polypeptides in only one single amino-acid mutation. The fragments,, 
bound by the antigen presenting HLA molecules comprise 12 amino acid residues. To 
enhance the fideltty of recognition of new polypeptides more than one single amino- 
acid difference should be present A polypeptide comprising % consecutive amino acids 
differing from the wild-type amino acid sequence is reliably recognized as foreign by 
the immune system. This may be due to the increased probability of new amino acid 
combinations being present in different fragments produced by the antigen presenting 
machinery. Thus in one embodiment of the present invention the frameshift 
[polypeptides of a set contain at least one new amino acid, not present in the wild-type 
polypeptide, in a more preferred embodiment at least 2 new amino adds and in the 
most preferred embodiment at least 3 new amino acids. 

According to the named parameters a basic set of frameshift polypeptides may be 
tailored, that is suitable to address a large variety of antigen recognizing immunological 
entities and minimizes the danger of escape of single mutated cells from being 
detected. Thus the probability of overseeing cells affected by a disorder in an organism 
can be reduced and the rate of false negative results can be minimized. 

A basic set of frameshift polypeptides Includes frameshift polypeptides, that do occur 
with a high mutation frequency in associated disorders. Additionally the polypeptides 
within the set are chosen to be involved In different biochemical pathways. The 
mutation types are chosen, that polypeptides of a minima! length of 3 amino acid 
residues is expressed from the mutated nucleic add sequence. Furthermore different 
mutation types of one single microsatellife may be included in the set if applicable. 

Additional to the parameters given above, data concerning the particular disorder in 
focus may be taken into account for the design of particular sets of frameshift peptides 
according to the present invention. Thus individual mutation frequencies, typical 
mutation types, relevant biochemical pathways or special immunological 
characteristics may contribute to the set to be used in particular cases. 
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ln certain embodiments of the present invention frameshift polypeptides may comprise 
fusion or chimeric polypeptides containing sequences disclosed herein. Fusion 
proteins comprise the frameshift polypeptide according to the present invention 
together with any second and further polypeptides, such as e.g. one more frameshift 
5 polypeptide of the same sequence or of another sequence. Heterologous polypeptides 
may comprise enzymes, receptor molecules, antigens, antigenic or immunogenic 
epitopes or fragments, antibodies or fragments thereof, signalling polypeptides or 
signal transducing polypeptides, labelled polypeptides etc.. In one embodiment of the 
invention the fusion peptides may be constructed for enhanced detection or purification 

10 of the frameshift polypeptides, or of complexes of the frameshift polypeptides with the 
respective immunological entities according to the present invention. For the purpose 
of purification tags, such as e.g. his-tags, myo-tags etc. may be added to the 
polypeptides. For the purpose of detection antigenic portions, enzymes, chromogenic 
sequences eta may be fused to the polypeptides. The fusion proteins of the present 

15 invention may (but need not) include a linker peptide between the first and second 
polypeptides. 

A nucleic add sequence encoding a fusion protein of the present invention is 
constructed using known recombinant DNA techniques to assemble separate nucleic 
acid sequences encoding the first and second polypeptides into an appropriate 

20 expression vector. The 3' end. of a nucleic acid sequence encoding the first polypeptide 
is ligated, with or without a peptide linker, to the 5* end of a nucleic acid sequence 
encoding the second polypeptide ensuring the appropriate reading frames of the 
sequences to permit mRNA translation of the two nucleic acid sequences into a single 
fusion protein that retains the biological activity (antigenicity) of both the first and the 

25 second polypeptides. 

A peptide linker sequence may be employed to separate the first and the second 
polypeptides by a distance sufficient to ensure, that each polypeptide folds Into its 
secondary and tertiary structures. Such a peptide linker sequence is incorporated into 
the fusion protein using standard techniques well known in the art Suitable peptide 
30 linker sequences may be chosen based on the following factors: (1) their ability to 
adopt a flejdble extended conformation; (2) their inability to adopt a secondary 
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Asn and Ser residues. Other near neutral amino acids, such as Thr and Ala may also 

be used in the tinker sequence. Amino acid sequences which may be usefully 

employed as linkers include those disclosed in Maratea et al. v Gene 40:39-46, 1985; 

Murphy et al., Proc. Natl. Acad. Scl. USA 83:8258-8262, 1986; U.S. Pat No. 4,935,233 

5 and U.S. Pat No. 4,751,180. The linker sequence may be from 1 to about 50 amino 

adds in length. Peptide sequences are not required when the first and second 

polypeptides have non-essential N-terminal amino acid regions that can be used to 

separate the functional domains and prevent steric interference. 

• • • 

Mutation as used in the context of the present invention may comprise insertions or 
10 deletions of one or several nucleotides (or nucleotide repeats) within the specified 
microsatellite sequences. In a preferred embodiment of the present invention the 
number of nucleotides to be inserted or deleted is not 3 or must not be divisible by 3, 
such that the mutation leads to a frameshift with respect to the reading frame of the 
downstream nucleic acid sequence. Thus the nucleic add sequence downstream of 
15 the mutation point will render a polypeptide sequence different from the native 
sequence encoded by the respective gene. The mutation in these cases leads to a 
novel peptide sequence (a neo-peptide). Commonly the new peptide sequence is short 
due to the fact, that novel stop codons arise from the shift in the reading frame. 

Diagnosis as used in the context of the present invention may comprise determining . 
20 the presence or absence and/or the level of specific immunological entities directed 
against particular frameshift peptides in a sample, and assessing diagnosis from said 
presence or absence and/or level of immunological entities specifically directed against 
said frameshift polypeptides. 

Based upon the determined presence or absence and/or the levels of immunological 
25 entities specifically directed against particular frameshift peptides in the samples 
individuals can be subdivided Into subgroups. The subgroups may be created 
according to scientific or clinical data, such as e.g. survival, recurrence of disease, 
frequency of metastases etc., related to the presence or absence and/or levels of 
particular frameshift peptides in samples of tissues affected with a particular disorder, 
30 of tissues being in question of being affected with a particular disorder or of tissues at 
risk of being affected with a particular disorder. 
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Based upon these subgroups an assessment of prognosis may be done. According to 
the subgroups the therapy of the individuals affected by the disorders (e.g. tumors) 
may be tailored. 

Monitoring may comprise detecting the presence or absence or level of Immunologic 
5 entitles specifically directed against frameshift polypeptides in samples taken at 
different points in time and determining the changes in said levels or presences or 
absences. According to said changes the course of the disease can be followed. E.g. 
the occurrence of immunologic entities directed against frameshift peptides, that have 
not been present at an earlier time-point may be indicative of the progression of 
10 evolution of the affected tissue. The course of the disease may be used to select 
therapy strategies for the particular Individual. 

Another aspect of diagnosis and monitoring of the disease course according to the 
present Invention may comprise the detection of minimal residual disease. This may 
comprise for example the detection of presence and/or level of immunologic entities 
15 specifically directed against said frameshift polypeptides, that have not been present in 
earlier examinations In one or more body samples following initial therapy of an 
Individual once or at several timepoints. According to the presence and/or level of 
immunologic entities specifically directed against new frameshift polypeptides detected 
in the samples one may select a suitable therapy for the particular individual. 

20 Furthermore the diagnostic method may be earned out to detect disseminated tumor 
cells in biological samples as diagnosis of minimal residual disease (MRD). For this 
purpose the detection of the level of immunological entities or the presence of 
immunological entities, specific for particular frameshift peptides, that have not been 
detected in prior examinations, may be performed. 

25 A sample according to the method of the present invention may comprise any sample 
comprising Immunological entities as defined above. Samples may comprise samples 
of clinical relevance, such as e.g. secretions, smears, body fluids, urine, semen, stool, 
bile, biopsies, cell- and tissue-samples. Biopsies as used in the context of the present 
invention may comprise e.g. resection samples of tumors* tissue samples prepared by 

30 endoscopic means or needle biopsies of organs. 

&ursh ^mpl££ m&y norripri-s^ vnr sgsnipls intent c^ils, ly^ed c«lte or sny liquids 



• 



8/04 2002 16:23 FAX +49 89 43778899 



HUBER & SCHUESSLER PAT -* EPA 



aoi9 



-13- 



such as antibodies or Immunoglobulins may adhere, or may be fixed, may be samples 
according to the method disclosed herein. The method for detection of the level of the 
immunological entities according to the present invention is any method, which Is 
suited to detect veiry small amounts of specific immunological entities in biological 
5 samples. The detection reaction according to the present invention is a detection either 
on the level of antibodies or on the level of cells specific for particular antigens. 

The detection may be carried out in solution or using reagents fixed to a solid phase. 
Solid phases may comprise beads of a variety of materials, such as e.g. agarose, 
dextrane polymers, polystyrene, silica, etc. or surfaces of suitable materials such as 

10 e.g. polystyrene, glass, agarose, protein, dextran etc. coated surfaces eta. The 
I detection of one or more immunological entitles, such as immunoglobulins or cells 
carrying specific antigen recognizing epitopes, with different antigen binding 
specificities may be performed in a single reaction mixture or in two or more separate 
reaction mixtures. Alternatively the detection reactions for several immunological 

15 entities may for example be performed simultaneously in multi-well reaction vessels. 

The immunological entitles specifically recognizing particular frameshift peptides may 
be detected using reagents that specifically recognise these immunological entities 
alone or in complex wfith their respective antigen (e.g. antibodies), or reagents, that are 
specifically recognized by the immunological entities themselves (e.g. the antigen). In 

20 one embodiment the antigen may be fused to another polypeptide, so as to allow 
binding of the antigen by the immunological entity in question and simultaneously 
binding of the second part of the fusion protein by another (labelled) antibody for the 
detection. The detection reaction for the immunological entitles may comprise one or 
more reactions with detecting agents either recognizing the initial entitles or 

25 recognizing the prior molecules used to recognize the immunological entities. 

The detection reaction further may comprise a reporter reaction indicating the 
presence or absence and/or the level of the immunological entities. The reporter 
reaction may be for example a reaction producing a coloured compound, a 
bloluminescence reaction, a chemilumlmescent reaction, a fluorescence reaction, 
30 generally a radiation emitting reaction etc.. The detection reactions may for example 
employ antibodies or binding reagents that are detectably labelled. 

Furthermore the binding of detection molecules to the entities in question may be 
detected by any measurable changes in physical or physical-chemical properties, such 
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as changes in spectroscopic properties, in magnetic resonance properties etc.. 

Different immunological entities or immunological entities of different specificities may 

be recognized by different methods or agents. This may be due to difficulties in 

detection of several entities, or entities with particular specificities by a particular 

5 method. An advantage of the use of different detection techniques for different 

immunological entities or for immunological entities with different specificities may for 

example be, that the different reporter signals referring to different immunological 

entities could be distinguished. 

• • • 

Generally in a method according to the present invention the detection of different 

10 Immunological entitles such as the detection of immunoglobulins and the detection of 

immunocompetent cells may be performed simultaneously. 

For all detection purposes optionally the original sample may be concentrated by any 
suitable means known to those of ordinary skill in the art. Furthermore steps may be 
involved to selectively extract immunological entities from the sample mixture such as 
15 affinity based purification techniques either employing specific antibodies or the 
respective antigen recognized by the entities in question. 

Applicable formats for the detection reaction according to the present Invention may 
be, (reverse) blotting techniques, such as Western-Blot. The blotting techniques are 
known to those of ordinary skill in the art and may be performed for example as 
20 electro-blots, semldry-biots, vacuum-blots or dot-blots. Furthermore immunological 
methods for detection of molecules may be applied, such as for example 
immunoprecipitation or immunological assays, such as ELISA, RiA, Elispot assay, 
lateral flow assays, immuno-cytochemical methods etc.. 

In one preferred embodiment of the invention the detection of the level of 
25 immunological entities specific for frameshift peptides is carried out on the level of 
antibodies. This may be e.g. performed using the specific interaction between the 
respective frameshift peptides with the antibodies. The determination of the presence - 
or absence and/or the level of the antibodies may for example be carried out with 
recombinant^ produces frameshift peptides. The peptides can bs ussd in many 
30 different detection techniques for example in western-blot, ELISA or Immuno- 
precipiiation. In on© embodiment Lhe detection of antibodies is carryoui as antibody 
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ln another embodiment of the Invention the detection of the specific antibodies is 
carried out using monoclonal or polyclonal antibodies specifically recognizing the 
antigen binding epitope of the first antibodies. For this purpose the above mentioned 
immunological detection procedures may be applied, (n a further embodiment chimeric 
5 antigens may be employed in the detection reaction. Such chimeric antigens may for 
example comprise fusion proteins combining the antigenic epitope of a frameshift 
polypeptide, recognized by the antibody in question, fused to another antigen, that may 
be recognized by a detection antibody. The particular antigens within the chimeric 
polypeptide may be separated by a linker or spacer region. 

10 Any other method for determining the amount of particular antibodies or 
Immunoglobulins in biological samples can be used according to the present invention. 

Generally the detection of the antibodies according to the present invention may be 
performed as well in vitro as directly in situ for example in the course of an imsnuno- 
histochemical or Immuno-cytochemical staining reaction. 

15 Cells exhibiting specificity for a particular antigen may be detected by any methods 
suitable for that purpose known to those of ordinary skill in the art Methods may for 
example comprise-prollferation-assays, cytoWne-EUSAs, ELiSpot assays, Intracellular 
FACS-staining, PCR-mediated identification of peptide-speciflc cytokine (or similar) - 
expressing cells, tetramer-stainlng, cytotoxicity assays and DTH-(delayed type 

20 hypersensitivity) reactions. 

In case of proliferation-assays induction of peptide-specific T-cell proliferation may be 
measured by methods known to those of skill in the art. This can be achieved by 
simply counting of cells, by measuring incorporation of labelled nucleotides into cellular 
DNA or by measuring level and/or activity of cellular protein(s). Cytokine-ELISA may 

25 comprise identification of peptide-specific cytokine-secreting cells by measuring 
cytokine levels in supernatant In the course of an ELISpot assay the number of 
peptide-specific cytokine (i.e. IFN-^)- secreting cells in a sample is determined. 
Similarly the Intracellular FACS-staining identifies cytoWne-expressing cells on the 
protein level. In contrast (real-time) PGR may be used for identification of peptide- 

30 specific cytokine (or similar) -expressing ceils on the transcript level. In the course of a 
tetramer-staining assay the label is a tetramer-molecule of recombinant MHC-dass I 
molecules, loaded with specific peptide and coupled to a dye. The tetramer binds to 
the T-cell receptor. Cytotoxicity assays are a method for identification of cells, that can 
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recognize and kill target cells in a peptide-specrfic manner. DTH-(delayed type 
hypersensitivity) reaction is based on the measuring of skin-reaction of vaccinated 
persons after intradermal (or similar) application of peptide(s). 

Another aspect of the present invention is a testing lot for performing the method 
5 according to the present invention. The kit may be for example a diagnostic kit or a 
research kit. 

A kit according to the present invention comprises at least an agent suitable for 
detecting the immunological entities according to the method disclosed herein. 
Furthermore a kit according to present invention may comprise; 

10 a) reagents for the detection of the antibodies or cells specifically recognizing antigens. 

b) reagents and buffers commonly used for carrying out the detection reactions as 
described herein, such as buffers, detection-markers, earner substances and others 

c) a sample for carrying out a positive control reaction, that may comprise an antigen 
or a set of antigens, to which almost all members of a target population of individuals 

15 have antibodies. 

The reagent for the detection of the antibodies or cells specifically recognizing antigens 
may include any agent capable of binding to the antibodies or cells specifically 
recognizing antigens. Such reagents may include proteins, polypeptides, nucleic acids, 
peptide nucleic acids, glycoproteins, proteoglycans, polysaccharide or lipids. 

20 The sample for carrying out a positive control may comprise for example an antigenic 
peptide or a set of antigenic peptides. Suitable antigens may include antigens, against 
which a wide percentage of the population has antibodies. Examples of such antigens 
may for example comprise antigens present in lysed E. coii cells, tetanus antigen, the 
viral capsid antigen of the Epstein-Barr vims, antigens derived from matrix proteins of 

25 Haemophilus Influenzae. The antigens may for example be used as a mixture to 
ensure, that a particular individual actually displays a positive reaction. 

In a preferred embodiment of the invention the detection of the immunological entitles 
directed against particular ftemeshlft polypeptides is carried out on the level of 
entibodiss. In this embodiment the binding agent may be for example a frsmeshift 
30 polypeptide or a fragment thereof, recognised by the respective sr/itibody, or a fusion 
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antlbody In question, for the complex of the antibody with the respective frameshift 
polypeptide or for an antigenic epitope fused to the frameshift polypeptide. 

In another embodiment of the test kit the detection of the immunological entities is 
carried out on the level of ceils specifically recognizing frameshift polypeptides. In this 
5 embodiment of the invention the reagent for the detection may be for example a 
frameshift polypeptide or a fragment thereof, recognized by the respective antibody or 
T-cell receptor, or a fusion polypeptide comprising said frameshift polypeptdie or a 
fragment thereof. Furthermore the binding agent may comprise an antibody or a 
fragment thereof specific for the antibody in question, for the complex of the antibody 
10 with the respective frameshift polypeptide or for an antigenic epitope fused to the 
frameshift polypeptide. 

Brief description of the drawings: 



Figure 1: Frameshift peptides analysed for in vitro stimulation of a cellular 
15 Immune response; All analysed peptides are derived from (-1 ) mutations in 

mlcrosateliites of the cognate proteins; The protein or nucleotide accession 
numbeis are indicated within the table; the position of the start amino acid In 
the protein is indicated in the tables; the predicted binding scores to HLA- 
A2.1 using computer assisted analysis; for experimental details see 
20 Example 1 

Figure 2: EUSpot-anafysis of FSP T-cell lines (FSP01-FSP34). Titrated amounts of 
T-cells were incubated overnight with 3.5x10 4 peptide loaded T2 cells per 
well. The number of lFN-r^l©as^9 activated T -cells (spots) among the 
total number of cells analyzed (10 6 ) is depicted for each frameshift peptide. 
25 For experimental details see Example 1 . 

Rgure 3: Frameshift peptide specific and HLA-A2-restrIcted lysis of target cells. 

(FSP02); The antigen specificity of the FSP02 CTL line was tested in the 
presence of unlabeled cold targets, T2 ceils pulsed with FSP02 (open 
squares) at an Inhibttortarget ratio of 50:1. Lysis without cold targets is 
30 shown as a control (closed squares). All data are shown as the mean and 

standard deviation from 3 replicate wells. For experimental details see 
Example 2. 
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Rgure 4: Frameshift peptide specific and HLA-A2-restricted lysis of target cells. 
(FSP06); The antigen specificity of the FSP06 CTL line was tested in the 
presence of unlabeled cold targets, T2 ceils pulsed either with FSP06 (open 
squares) at an inhibitortarget ratio of 50:1. Lysis without cold targets is 
5 shown as a control (closed squares). All date are shown as the mean and 

standard deviation from 3 replicate wetls. For experimental details see 
Example 2. 

Figure 5: Listing of sequences of polypeptides encoded by genes with coding 
microsatsliites; the sequences of polypeptides arising from different 
10 possible frameshift mutations are depicted, for each polypeptide the 

sequence expressed from the wild type open reading frame is given 
(wtORF); Furthermore the sequences expressed from (-1) mutations and, 
from (-2/+1) mutations are given. 

15 

Example 1; In vitro stimulation of cellular immune response by frameshift 
peptides 

The present experiments were performed in order to determine, whether the frameshift 
peptides arising from mutations In coding microsatellite regions according to the 
20 present invention are suited to stimulate a cellular immune response. The experiments 
were performed as follows: 

Peptides displaying HLA-A2.1-binding motife were selected by taking advantage of 
specific computer programs [(Parker, Bednarek, & Coligan 1994); 
http://bimas.dcrt.nih.gov/molbio/hIa_bind/ and (Rammensee et al. 1999); 

25 httpV/134.2.96.221/scripts/MHCServer.dll/home.htm]. Peptides were purchased from 
the peptide synthesis unit of the DKFZ. Stock solutions (10mg/ml in DMSO) were 
stored at -70°C and diluted to 1mg/ml in PBS before use. T2 cells were pulsed with 
50pg/ml peptide and 5ug/ml ^-microglobulin (Sigma; Deisenhofen, Germany) 
overnight at 37"C. The expression of HLA-A2.1 was then analysed by flow cytometry 

30 using mAb BB7.2 followed by Incubation with FITG-conjugated (Fab')2 goat anti- 
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heparinlzed tubes. PBMNC were Isolated by Ficoll-density gradient centrtfugation. 
Whole CD3+ T-cells were Isolated from PBMNC by magnetic depletion of non-T-cells 
using the MACS Pan T-Cell Isolation Kit (Mlltenyi; Bergisch Gladbach, Germany) 
according to manufacturer's instructions. Preparations contained at least 97% of CD3+ 
5 cells as assessed by immunophenotypic analysis. 

CD40 Bs of a HLAA2.1+ donor were Incubated with peptide (10pg/ml) and human R2- 
mlcroglobulin (3pg/ml; Sigma) in serum-free Iscov's DMEM medium for one hour at 
room temperature, washed twice to remove excess of peptide, were irradiated (30Gy) 
and added to purified CD3+ autologous T-cells (>97% CD3+) at a ratio of 4:1 (T:CD40 
10 Bs) in Iscov's MEM containing 10% human AB-serum, supplements (1:100) and hlL-7 
(10ng/ml, R&D). Cells were plated at a density of 2 x 10* T-cells/well in 1m! of medium. 
After three days in culture they were fed with 1ml complete medium. For restimulatlon 
of T-cells, this was repeated weekly. IL-2 was first given at day 21 (lOlU/rnl, R&D), also 
at day 24 and from day 28 on only hlL-2 was used instead of hIL7. 

15 ELISpot assays were performed as described elsewhere (Meyer et al.1998). Briefly, 
nitrocellutose-96-welI plates (Multiscreen; Mllllpore, Bedford, USA) were covered with 
mouse anti-human IFN-y monoclonal antibody (Mabtech, Sweden) and Mocked with 
serum containing medium. Varying numbers of effector cells were plated in triplicates 
with 3,5x10* peptide-loaded T2 cells per well as targets. After Incubation for 18h, 

20 plates were washed, incubated with biotinylated rabbit anti-human IFN-? second 
antibody, washed again, incubated with streptavidin coupled alkaline phosphatase, 
followed by a final wash. Spots were detected by incubation with NBT/BCIP (Sigma) 
for 45min ? reaction was stopped with water, after drying spots were counted using the 
KS-ELISpot reader (Zeiss Kontron; Gflttingen, Germany). 

25 These procedures were performed for peptides derived from mutations in the coding 
regions of the following genes: TGFpRII, OGT F U79260, CASP5, MSH 3, HPDMPK, 
HT001, TAF1B, D070, MAC30X. FLT3L and SEC63. Peptides are listed in Figure 1. 
Results for ELIspot analysis are shown in Figure 2. 

The analysis shows, that the used peptides are suited to raise an immune response. 
30 Peptides arising from frameshift mutations thus may be used to raise immune 
response for example in the course of vaccinations according to the present invention. 
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Example 2: Cytotoxicity assay directed against cells displaying frameshift 



CTL bulk cultures and/or CTL clones obtained according to the method described in 
Example 1 were tested for their cytotoxicity as follows: 

5 Due to the limited amount of cell material clones were in some experiments pooled for 
the determination of the cytotoxicity. 

To obtain cells presenting frameshift peptides on the one hand different MSI+ cell lines 
endbgenously expressing mutated mRNA of the respective frameshift peptides of 
TGFpRII, OGT, U79260, CASP 5, MSH 3, HPDMPK, HT001, TAF1B. D070, MAC30X, 

10 FLT3L and SEC63 either expressed HLA-A2.1 endogenously or were stably 
transfected with HLA-A2.1, on the other hand several MSI- cell lines expressing HLA- 
A2.1 were transfected with the mutated fulHength cDNA of the respective frameshift 
peptides (of TGFpRII, OGT, U79260, CASP 5, MSH 3, HPDMPK, HT001, TAF1B, 
D070, MAC30X, FLT3L and SEC63). After selection and expansion of the transfected 

15 cell lines for each respective frameshift peptide at least two stably transfected sub-cell 
lines were available. These cell lines were used in cytotoxicity assays, wherein 
negative controls were the respective untransfected MSI+ HLA-A2.1 negative and/or 
the MSI-, HLA-A2.1 positive cell lines. 

it could be shown, that the transfected cell lines were lysed by the bulk cultures and/or 
20 pooled clones of CTLs. The reactivity was tested at different target cell to effector cell 
ratios. In average around 2Q%-30% of the target cells were lysed in the assays. The 
control cells were always lysed at a significantly lower percentage. 

In Figures 3 and 4 results for the frameshift peptides FSP02 (TGFpRll(-1)) and FSP06 
(OGT(-1)) respectively are shown. These results shall be representative for the results 
25 related to the other frameshift peptides, which rendered similar rates of lysis. 

The experiments show, that frameshift peptides may generate immune response. The 
frameshift peptides may furthermore be applied for the detection of the presence of 
cytotoxic T-cells directed against a particular frameshift peptide. 



peptides. 
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Seaim of 25 patients with diagnosed colorectal carcinomas was tested for the 
presence of antibodies to a set of frameshift peptides arising from frameshift mutations 
in coding microsateilite regions of the following genes: TGFpRIl, U79260, CASP 5, 
HT001, PTHL3, MACS, TCF4, TAF1B. AC1 t AIM2, SLC23A1, ABCF1, HSPC259, 
5 BAX, TCF6L1, FLT3L. OGT, ELAVL3, MAC30X, MAC30X, SLC4A3, PRKDC, 
UVRAG, MSH3 and SEC63. As a control the serum of 50 normal individuals was 
tested. 

For the test synthetic peptides (20 to 40mers. partly overlapping) representing 
immunogenic portions of all relevant frameshift peptides (see figure 5) arising from the 

10 respective genes were spotted onto nylon membranes. The nylon membranes were 
subsequently incubated for one hour in phosphate-buffered saline (PBS) with 5% milk 
powder for blocking unspecific membrane binding. After washing the membranes 3x 
with PBS, the membranes were incubated with the test and control sera. The sera 
were diluted 1:1.000 in PBS/0,5% milk powder and incubated overnight with gentle 

15 shaking. Subsequently the sera were removed, and membranes were washed three 
times In PBS before they were incubated with a polyclonal alkaline phosphatase 
conjugated goat anit-human IgG antibody for one hour. Thereafter, the membranes 
were washed repeatedly with PBS/0,05% TWEEN20 before staining reaction was 
developed using nitroblue tetrazolium chloride and bromochoro-indoyl-phosphate 

20 (SigmaAldrich) in Tris-buffered saline (TBS). Binding of human antibodies specific for 
individual frameshift polypeptides thus was made visible by color-deposit on the 
respective membrane. 

The results show, that in alt samples of tumour patients antibodies directed against at 
[east one peptide arising from frameshift mutations were present 

25 Strong signals for the detection of particular antibodies could be found using frameshift 
peptides derived from the (A)n tract of the MACS gene, the (A)i 0 tract of the GASPS 
gene, the (A) 9 tract of the TCF-4 gene, the (G) B tract of the IGFUR gene, the (T)io tract 
of the AC1 gene, the (A)o or (A)i 0 tract of the SEC63 gene, the (A)n tract of the TAF1B 
gene, the (A)n tract of the PTHL3 gene, the (T) w tract of the U79260 gene, the (A) 10 

30 tract of the AIM2 gene, the (A)«> tract of the ABCF1 gene. 

This illustrates, that the method according to the present invention may be used for 
diagnosis of diseases associated with frameshift mutations in coding regions of genes. 
The above mentioned genes seem to be of special use for this diagnostic method. 
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Example 4: Analysis of the mutation frequency of genes harbouring repeat tracts 



In order to extract cMNRs and cDNRs, we screened the 109289 entries with human 
sequences in the EMBL database (EMBL Rel. 62, Mar. 2000). Using various Pert 
5 scripts (Wall, Christiansen, & Schwartz 1996), we obtained annotated coding 
sequence (a total of 46520 entries) and applied a rigorous redundancy check at the 
98% level, thus detecting a total of 33595 coding sequences in these entries, cDNA 
entries were compared to genomic DNA to identify corresponding mRNA. If both 
information were available for a particular gene, priority was given to the genomic 
10 sequence, since repeats in cDNA might span several exons. We finally considered 
22577 cDNAs (mRNAs) and 11018 coding sequences in genomic entries for further 
analysis. 

In the coding regions, a minimum repeat length of 6 mononucleotides and 4 
dinudeotides was required as lower limit the repeats. In regards to the dinucleotide 

15 repeats, all 12 different types of dinucleotide repeats were taken Into consideration. 
cDNA and genomic DNA entries were analyzed separately. Using several filters, 
repeat tracts within pseudogenes, vector sequences as well as homopolymeric 
nucleotide stretches at the most 5' or 3' ends of sequences were excluded. All 
candidate sequences were stored in a relational database for further analysis. 

20 Subsequently, two independent BLASTN analyses were performed: initial database 
analysis was done using the BLASTN included in the HUSAR program package of the 
German Cancer Research Center in Heidelberg, followed by an Advanced BLAST 
analysis of the high throughput genomic sequencing (htgs) database 
fhttp://www.ncbi.nIm.nih.gov/). Exon-intron boundaries were determined by MALIGN 

25 analysis, matching a candidate cDNA with homologous genomic DNA sequences. 
Finally, true coding mlcrosatellites were verified by direct sequencing of repeat 
candidates amplified from genomic DNA. 

Published mutation data of genes harboring repeat tracts were collected. Numbers of 
tumour samples analyzed and the number of mutated samples found were sorted by 
30 gene and repeat type in a spreadsheet Individual sample numbers and numbers of 
mutated samples from each single publication for each repeat tract within a gsne were 



including data from publications and own data 
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represented mixed data or If mutation data on tumour cell lines and primary tumour 
samples were shown as one item, these data were omitted. In order to minimize 
sampling errors only repeat mutation data obtained from at least 10 tissue samples 
were considered for statistical analysis. 

5 Additionally investigations were performed regarding the mutation frequencies of 
unpublished coding microsatellite regions. Nine novel coding mlcrosatellites residing in 
genes not yet analyzed for frameshift mutations In MSI colorectal, endometrial or 
gastric tumours have been^ examined in the course of the studies leading to the 
present Invention. They include three genes containing A11 repeats (TAF1B, MACS, 
10 HT001), five genes with A10 repeats (CHD2, UVRAG. TCF6L1, ABCF1, A1M2) and 
one gene harboring a G9 repeat (ELAVL3). The MSI status of these specimen was 
determined using the NCI ICG-HNPCC microsatellite reference martcer panel (8). PCR 
reactions were performed as follows: 

Genomic PNA was isolated from 5-8 haematoxylin and eosin stained 5 pm sections 

15 after microdissection, using the Qiamp Tissue Kit (QIagen, Hilden, Germany). 
Preparation of DNA from cell lines was performed according to standard protocols. 
PCR primers were designed to closely flank the target sequence, yielding short 
amplimeres of about 100 base pairs thus allowing precise fragment sizing and robust 
amplification from archival tissues (Table 1). PCR reactions were performed In a total 

20 volume of 25 pi containing 50 ng genomic DMA, 2.5 pi 10 x reaction buffer (Life 
Technologies, Karlsruhe, Germany), 1.5 mWl MgCfe. 200 pM dNTPs, 0.3 \M off each 
primer, and 0.5 U Taq DNA polymerase (Life Technologies) and using the following 
conditions: initial denaturation at 94 °C for 4 min, followed by 35 cycles of denaturation 
at 94 °C for 30 s, annealing at 58 °C for 45 s, and primer extension at 72 P C for 30 s. 

25 The final extension step was earned out at 72 °C for 6 min. PCR fragments were 
analyzed on an ALF DNA sequencing device (Amersham Pharmacia Biotech, 
Freiburg, Germany) using 6.8 % polyacrylamide/ 7 M urea gels. Size, height and 
profile of microsatellite peaks were analyzed using the AlleleLinks software 
(Amersham Pharmacia Biotech). Coding microsatellite instability was scored, if smaller 

30 or larger-steed amplimeres were detected in tumour DNA compared to DNA from non- 
neoplastic cells. Allele intensities were determined and ratios of wild-type and novel 
alleles in normal and tumour tissues were calculated, defining a two-fold difference as 
threshold for allelic shifts. Similarly, unstable alleles In tumour cell lines were identified 
by comparison to 36 unmatched normal mucosae. In order to determine the predicted 
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repeat type and length amplified coding mlcrosatellltes were subjected to Big Dye 
terminator cycle sequencing (Perkin Elmer, Darmstadt, Germany) and subsequent 
analysis on an ABI 310 sequencing device. 

The frequencies of mutations in a particular microsateliite region examined herein are 
5 given In figure 1 . The mutation rates are calculated with respect to the total number of 
samples Included In the studies. The mutations frequencies resulting from studies 
covering a larger number of samples may be handled to be more significant then those 
referring to a smaller number of analysed samples. 

Overall the results show, that a number of the analysed microsateliite sites is mutated 
10 with high frequency over the range of examined samples as well as over the range of 
published data. This suggests, that according to the present invention a set of 
frameshift peptides, arising from frequent mutations should be expressed in high 
percentage of tumours. 
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What is claimed is; 

1. A method for the detection of a disorder associated with frameshift mutations in 
coding microsateillte regions in an individual comprising 

a. detection of the presence or absence and/or of the level of 
5 immunological entities specifically directed against one or more 

frameshift polypeptides originating from frameshift mutations in coding 
microsateillte regions in a biological sample, and 

b. assessing diagnosis of the presence or absence of said disorder and/or 
prognosis of the disease course of said disorder from the presence or 

1 0 absence and/or the level of said immunological entities. 

2. The method of claim 1, wherein the immunological entity is an antibody or a 
fragment thereof. 

3. The method of claim 1, wherein the immunological entity is a cell specifically 
directed against a frameshift polypeptide. 

15 4. The method of any one of the claims 1-3, wherein the disorder is a neuro- 
degenerative disorder or cancer. * 

5. The method of claim 4, wherein the cancer is gastrointestinal cancer. 

6. The method of any one of the claims 1-5, wherein immunological entities are 
specifically directed against at least one frameshift polypeptide derived from a 

20 frameshift mutation in the (A) 10 tract of the TGF0R1I gene. 

7. The method of any one of Hie claims 1-6, wherein Immunological entities are 
specifically directed against at least one frameshift polypeptide derived from a 
frameshift mutation in the (G) 3 tract of the BAX gene. 

8. The method of any one of the claims 1-7, wherein immunological entitles are 
25 specifically directed against at least one frameshift polypeptide selected from a 

group consisting of frameshift peptides derived from the (A)n tract of the MACS 
gene, the (A)io tract of the CASP5 gene, the (Afe tract of the TCF-4 gene, the 
(G) B tract of the IGFIIR gene, the (T)io tract of the AC1 gene, the (A) 9 or (A)io 
tract of the SEC63 gene, the (A)^ tract of the TAF1 B gene, the (A)n tact of the 
30 PTHL3 gene, the (T)i 4 tract of the U79260 gene, the (A) 10 tract of the AIM2 

gene, the (A)io tract of the ABCF1 gene, 
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9. The method of any one of the claim 1-8, wherein the* detection is carried out in 
vitro. 

10. The method of any one of the claim 1-8, wherein the detection is carried out as 
an in situ Immuno-cytochemlcal staining reaction. 

5 11. A kit for performing the methods of any one of the claims 1-10, which is a 
diagnostic kit or a research kit 



• 
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Abstract 



The present invention relates to a method for diagnosis and prognostic assessment of 
disorders associated with frameshift polypeptides originating from frameshift mutations 
In coding microsatelllte regions of genes based on the detection of immunological 
5 entitles directed against said frameshift polypeptides in body fluids. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
HT0O1 

wtORF 

MQRPNAHRISQPlRQirfGWJM$PHU3KT^^ 
5 VKQTlLEPIPTCUaPIAVSCtfWLa^^ 

HIFCOWC£CI^GMYLNQLLSTPIJ>EPD^^ 

N SKKKRQKKQ NTSCS KNRGfCTTAHTKCWYEGN NRFGLLMVENLEEH S EAS N IE 
(-1)ORF 

MQRPNAHRISQPIRQIiYGLUNASPHLDKTSV^^ 
1 0 VKQTILEPIPTSLKLPIAVSCYWLQHTETKAKL^ 
HIFCGWQSCLQMGMYLWQU^PI^EPDLTRLY 
NSKKKGRRNRlPAVUrTEGEPLHTPSVGMRETTGLGC 
{+1)/(-2)ORF 

MQRPNAHRISQP!RQflYGLU^PHLOKTBWNAlPP<^UU=SB^RW 
1 5 VTOTlUEPlPTSLKlPIAVSCyYWLjQHTETKAKl^ 
HIFWIWQSCLQMGMYLNQLI^^ 
N5KKKCK)AEETEYQLF 

U79260 

20 wtORF 

MGHPRAIQPSVFFSPYDVHFLLYPIRCPYUOSRfH^ 

VAGT AGTCRRAQ U FVFLAEMG FH HVGRDGLD LNLVIHPPRS P KALGLQA 

<-1)ORF 

MGHPRAIQPSVFFSPYD\mFLLYP(RCPYU<K3RFH!KU<Gm^ 
25 VYLGLQARAAAPS 
(♦iy(-^ORF 

MGHPRAIQPSVFFSPYDVHFLLYPIRCPYUCG^HiK^GWFl^SFl^FCF) 

PTHL3 

30 (WtJORF 

NKlRRLVQGftWSVAVFlASYAVPSCGRSVEGLSRRLKRA^^ 

TKNHPVRFGSDDEGRYUTOETNKVETYKEQPUcrro 

DBRTAU^/VGUO<KKENNRRTHHMQLMSLFKSPLLLL 

35 MQ^VQCWSVAN^^ 

TKNHPVRFGSDDEGRYLTOEThKVFT^ 
DSRTAUWGLKKKRKTTEEH11CN 

40 TWWPVRFC^DDEGRYLTQETNKVETYKEQPUOFGK^ 
DSRTALWGLKKK(K)GKQQKNTSYATNDUI 

TGFbRII 

Iwt) 

45 MGRGLLRGlWPLHiVlWrRIASTI^ 

WRKNDENIT1£TVCHDPKLPYHDFII^^ 

QVAISVIlIFYCYRVNRQQKLSSnrWETGKmKUVIEFSEHC^ 

TSEQFETVATOFPYEEYASWKTEKDIPSDINLKHENIL^^ 

ROIAHLHSDHTPCGRPKMFIVHRDU^SSNILVKNDLTCC^ 
50 FKQTDWSMALVLWE^^ 

EARlTAQCVAERFSELEHLDRLSGRSCSEEWPEDGSLhnTK 

(-1JORF 

MGRGURGUA/PLHIVLWTRIASTIPPHVQK9VNNDMIVTDNNGAW 
WRKNDENPTlfTWHDPKLPYHDFIiSJAASPKGlMKE^ 
55 (+1J/I-ZJORF 

MGRGLLRGLWPUWLV^^ 

WRKNDENITLETVCHDPKLPYHDFiLEDAASPKC!MKEKKCK)AW 

MACS 

twHORF 

60 MGAQFSKTAAKGEAAAERPGEAAVASSPSKANGQENGHVKVNGDASP^ 

QFKKNKK^GEGGEAEAPAAEGGKDSAAGGAAAAAAEAGAASGEQAAAPGEEAAAGEE 
DETKAAEEPSKtfEEKKAEEAlGAlSAAA^^ 

65 J/KSAQ^KTAAKGEAAAEI^Gi^ 



Q 
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TCF4 

MPQUSlGGGGDDLQANDEUSFKDEGEGEEKSSgN^^ 
AAKRQ0GGLFKGPPYP<3YPF(MIPDLT5PYU*NG5LSPT^^ 
5 HHVHPLTPLTTYSNEHFTPGNPPPHU'ADVDPKrGiPRPPH^ 
TALTVNASVSRFPPHMVPPHHTIJflTGIP 

WAECTLKESMINQIljGRRWHAI^REEOAKVTElARKERQLKMQLY^ 

PPTTDISAPKKCRARFGLDQGNNWCGPCRRKKKC^^ 

U<PDPIAHLSMMPPPPAUUEA™^ 
10 MJORF 

MPQU^GGGGDDLGANDEUSFKDEGEQEEKSSENSSAERD^ 

AAKftG0GGLFK6PPYPGYPRMlPCLT5PYLPNGSLSFT^^ 

HHVHPLTPLrTYSNEHFTPGWPPPHU^ADVDPKra 

TALTVNASV3RFPPHM\/PPHHTlHTT<gPHPAiV^^ 
15 WAECTU<ESAA1NQILGRRWHA^ 

PPrTDLSAPKKCRARFGI^QQNNWCGPCRRKKSAPATYKVKAAASAHPLQMEAY 

MPQLNGGGGDDLGANDEUSITOEGEQEEKSSEiS£SAI^DL^^ 
„ AAKRQDGGU^KGPPYPGYPFIMtPDLTBPYl^ 
20 HH\MPLTPUYYSN^FTPGNPPPHlPADVDPKTGlPRPPW 

TALTV/NASVSEFPPHRM/PPHHTtKTT^ 

WASCTU<ESAA!NGIIGRRWHAL$REEQAK^ 

PPTTD15APKKCRARFGIIDQQWNWGGPCRRKK{^VRSLHTR 

TAF1b 

25 JvrtJOBSF 

IPAFPAGrTVLOPFPEAALATRVTWAVEAPAAPRLDLEESEEFKERCTO 
CUKALNRGLKKKNhTI^Q/VDVVW^ 

LSHSDWASEPEUSBVSCPPFLJESGAESGSDIHYRKPFPVSKASQ 
GREArnjmi^FVEEDHlPYINAFQHFPEG^ 
30 VNIPOEWHSIYOHVWMTG^ 

RKWYQIMKWDB<KQWftfEEARAJm5A«5EKPLYYS^ 
DRTCFHGHSLQGVLKS^GQSLLTKNSLYWLSTQKFCRW 

IPAFPAGTnfl^PFPEAALATRVTVPAVEAPAAPRLDUEESEEFK^ 
35 QIKAliJRGUC<KniKKAGlGIVJCVKV5SIFFINKQKP 

IPAFPAGHfVlJQPFPEAALATRVlVPAVEAPAAPR^ 
QlKAkNRGLKKK(KJQY 

40 (wjjokp 

MDTOKQIHKTHNSKNQPPTIFFFI^^GKE^ 

STAVHQ 

MJOS*F 

(WDTQKQIHK1TINSKNGFFT1FFSCQLW 

45 (»ij/(-z)ORF 

MDTQKQIHKTHNSKNQFFnFF{F)PVS 

Sec63 

(wQORF 

^GQOFQYOQSGhrTFPYFUTSFVGUVlPATYYLWPRDQNAE^RU^ 
50 LAYKVS KTD R EYQ EYNPYEVLN LDPGATVAEl KKG YRU-S LKYHP D &GG D EVMFMR I AKAYAALTD EESRKNWEEFGNPDGPQAT 

SFGIAU>AlAm/DQKNSIU\rtJ,W<5U\F^ 

DATSRFTDNnJPCHJRElGSlNU<KNEPPLTCPY5^ 

REFRAPTlA$L£NCfclKLSQMAVQGLGQFK$PU&^ 

GSFPYVTMDlKSQVLODEDSMHrWGSLVTVLVKL^ 
55 K$KKKKPU<KKPTPVLlPaSKOGKQ^ 

DDEAEV\^EljQQS!QRKERALl£TT<SOTHPVYSL^ 

YTVFLRSDSYMGUJQIKPUaEVHEAKPVPENHPOWDTAIEGDEDQE^ 

1-1) 8ef A-Repeai 

MAGQQFQYDDSGNTFFYFLTSFVGUVlPAVmWPRDQ^ 
60 lAYKVSKTOREYQEYM'YENftMlOTGATVAa^ 

SFGlAU>AWIVOQKNSlLVUWGLAFM\rtLPVW 

DATSRPTOMUPQURBGSINU<KN^LTC^ 

REFRAPTIASI^CMKLSCUVSAVQGLQQ 

GSFPYVTMDIK3QVl^DEDSK5NrrVGSL\nVLVKLTOQT^ 
65 KSKKRNl 

MAGQQFonrDDSGmTT=Yinn^^ 

LAYKVSKTDREYQEYNPYEVLN IDPGA7VAE1 WQYRLLS LKYHP D KGGDEVMFMRlAt^YAALTDliESRKNWEEFGNPDGPQAT 
SFGlAU'AVWTOQKNSaVUWGLAFMVl^^ 
70 DATSRPTDWUPQUf^GS1NU<KNEPPLTCPYSLKAR\^ 

REFRAPTLASLENCMKLSQIVIAVQGLQQFI^PUJQLPH] EEON LRRVSN HKJOTWKTCQ DIVS U<ESDRHTLLHFLEDEtCTEEVMAVL 

G$FPYV7MDIK$QVU5DED5NNIW6SLVTVLVK^^ 

KSKC3 PKKTAK5fQ<(1QElTlOOCrYTCAnTVKATETWGWWSRWVE 
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(VIAGQQFQYDDSGNTFFfFLTSFVGUV^ 

LAYKVSKTDREYQEYNPYEVU^LDPGATVAEIKKQYRLLSLKW 
SFGIAUVWVJVDQKNSlLNflAWGl^^ 

DATSRPTDNIUPQUREIGSINU<KWEPPLTC^SU<AR\rtJJ^HUR 
5 REFRAPTLASI^CMKLSQMAVQGLQQFKSPUQIPH^^ 
GSFPYVT^IKSQVU5DEDSNNrrV(^L\mrt.VKLTRQTlWK 
WSKGPKKTAKSKKKKPLKKNLHLCYYHSQSNRNKSRQMESLGMK^ 

MAGQQFQYDDSGhrTFFYFLTSFVGUVIPATYYLWPRDQNAEQ^ 
1 0 LAYKVSKTDREYGEYNPYEVU^LDPGAWASKKQYR^ 

SFGiALPAWIVDC^SILVaWGlAfWILPW 

DATSRPTBNIUPQUREIGSINU<K^PPLTCPYSI^ 

REFRAPTLASI^CIWO^QMAVQGIQQFKSPI^ 

GSFPYVTMDIKSONA-DDEDSNNrTVGSLVTVLVKLTRQTW 
1 5 KSKGPKKTAKSKKKKPLKKCKnYTCArrrVKATE^ 

CaspaseS 

(Wi)ORF 

MFKGlLQSGlDNFVlNHMUaWAGQra 
™ YDAKIEDKAULVDSLRKNRVAHQMFT^^ 
20 RlAUICmKFDHLPARNGAHYDITOftmUQGl^^ 

KKPDmYDTIFGiFNNRNCLSLKDKPKVIW^ 

VVRDRTRGSIFfmjrCFQKrSCCCHUWElFRW^KSFEVPQAKAQR^ 
„ MFKGlLQSGLDNFVINHMLKNNVAGQTSlCfil^ 

25 (vi)^a)ORF 

MFKGILQSGUJNF^NHiVIUC^NVAGCCTSIQ^^ 

AIM2 

(wtJORF 

MESKYKEJULTGLDNrrDEElDRFKFFlSDEFNlATGK^ 
30 QYK5\nT<PKPL£^EMSPAASAAIRNDVAKQRMPKVSPHVKPE 
MFHATVATEKEFFFVKVFNTLU^KBPi^UltlARYY 
U=VVOKVTEKlO<NiUFDl^DmrGKMEVLGVmNED™ 
MJORJP 

„ MESKYKEJUXTGUJNrTOEELDRFOTFLSDEFNIATC 
35 QYKS\nWKPLSQAEMSPAA$AAIRN^^ 

MFHAWATEKEFFR/KVFWTUJ<DKFIPKRIiaARYYRHSGFLE 

LFWQKVTEKKKMU'DLSDNTGN^^ 

LV 

40 ME$K*T<EIUJT©lDNITOEELDRfWFLSDEFNl^^ 
QYKS\HT<PKPISQAEMSPMSAAI^^ 
MFHATVATEKEFFFVKVFNTUJ<DKRPKRI[nAR 
U : WQKVTEKW<NILFDLSDNTOKWJEVLGVRNEDTM 

SLC23A1 

45 <wt)ORF 

MMGIGICvrrTSKSMEAGSSTEGIClfEDEAKHPAFF^ 

D (V0YT1 ED WPV\fifl-Cl FlJQLQHYLTCFSGTlAVP FLLAD AMCVGYDQWATS Q14GTI FFCVGJTTLLQTTFG CRLP LFQTSAF AFIAPAR 
AILSLDKWKCNmVSVANGTAEU^ 

WGIAMLTl FLVLLFSQYARNVKFPLPIYKSKKGWT AYKLQ LFKMF PI [LAILVSWLLCFI PTVTDWPPDSTKYGFYARTDARQGVL1VA 
50 PWFKVPYPFQWGLPTV/SMGVIGMI^^ 

GrrKVGSRRVlQCGAAIJMLALGiYdGKFSALFASLPDPVLGAl^ 

PL\nX3rTC3lDQ\nJ4mTTAMFVGGC^ 

GYTWKGIRKSDNSRSSDEDSQATG 

(-1JORF 

55 MMGIGKNTn'SKSMEAGSSTEGICrEDEAKHPAFFTU'WINGGATSSGEQDNEDra 
DMtYTlEDVPPWYlCIFLGLQHYlTCFSQTlAVPFLl^AMCVGYDQWATSQUCT 
A!LSLDKWK<»nTDVSVANGTAEU>nEHIVW 
WGIAMLTl FT-VUJSQYARNVKFPIPIYKSKKGW 

FWFWFYPFGWGUnVSAAGWGWD-SAWASHESIGD " 
60 (+1)/(-2)ORP 

MMGIGKhrmKSMEAGSSTEGKYEDEAKHPAFFTU>^ 

DMFYnEDVHFWVTCIFLGljQHYLTCFSGTIAVPFU^DAMCVGYBQWATSQ 

AlLSLDlWKC^DVSVANGTAELUfTEHft^ 

WGMILTIFLVIIFSQYARNVKFPLPIYKBKK^^ 
65 PWFK\/PYPFCWGUnVSAAGV|GMLSAWASIIESIGDYYACARLSCAPPP 

(PjHPRNKGGNFRGRFUCS 

ABCF1 

{vA)QPJr 

MP^KQQPP5PSMGDGESTSPSDl<W^^ 

70 &0r™3DDC^.:m&^^^ 
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KFU^IJ^FGIDI^SRICIVGPNGVGK^ 

CLGRFGlESHAHTlQICKkSGGQKARVWAElACREPDVULDEPT^ 

EQSVSQlDGDFEDYKREVLEALGSVMVSRPRg 

5 MPKAPKQQPPEPEWIGDGEST5PSDKVVKKGKKDKK1 
RRMWMMMEK^^ 

MPKAPraQPPEPEVWGDGESraPSDWVKKB^ 
AEEGCG 

10 HSPC259 

(w*}ORF 

SPDYFPQISSQFQTVEK - 777- 

MEWnSSSTKAEGKGISPI^PlNTtWPPEKGKEA^ 
. - TAEERSQFEILKAQWAERI^KRNRRAf^RAMPEEEPVRGPAKKQKQGKJ^^ 
1 5 GRRGGNR<SNPmT*GGSSCRQLKKFIY]GMLJ<SLPC6K^ 

MT1LNGSIPGKRB 

MEWFISSSTKAEGKGISPFEAPIOT^^^ . 
„ TAEERSQFEIU^QMFAERLAWWRRAW*^^ 
20 QRRG<^FKSNPE7TOGGSSCRGLKKFMGAALK81PCGKSSV^ 

MEKJFJSSSTKAEGKGISPFEAPINTQAPPEKGKEAW^ 

TAEERSQFE1LKAQMFAER LAKRNH^ AK^A?^AWP EEEPVRGPAKKQKQGKKS VFD E ELTNTSKKALKQYRAG PS FEE R KQLGIPH 
QRRG6NFKSNPDTRGGSSCRG1J0<FMGAAD<3^^ 

25 Sax 

(WSJORP 

MDGSGEQPRGGGPTSSEQIMKTGAUi^GGnQDRAG^^ 

DSPREVFFRVAADMFSDGNF^GRWAl^ASia\n.^ 

QfTVTIFVAGVLTASlTJWKKMG 

30 

MDGSGEQPR6GGFTSSBQ!iW3}crGAL4iQGnQDRAGRWK5GRHP5VVFWrR 
W)DGSGEQPRGGGPTSSEQItVBCn3AUUQGF|QDRAGRMGG(G)G 

TCF6L1 

35 fwtJORF 

MAFU*S^GVI^l^RSGAELCTGCGSR^ 

RWREIPDSKKKJYQDAYRAB/^VYKEEISR^QL^^ 

AKGDSPQEKLKWKENWKNLSDSEKELY1QHAKEDETRYHNEMKSVVEEQM 
^ H)OKP 

40 MAFLRS^GVt^AlGRSGAELCTGCGSRU*SPFSFS/Yl^ 
RWREU>DSKKKIYQDAYRABWQVYKEBSRF^ 

MAFLRSft/WGVl^LGRSGAELCTGe©SRLRSPraFWLPKW^ 
RWREU»DSKKKIYQDAYRAa/VQ\rt^ 

45 FLT3L 

(wt)ORF 

WTTVIAPAWSFTTYLLIJJL^ 
WAGSW\toGLl£RVWTEIHfVn<eAF^^ 
EATAPTATOPPlJLlJLiJJJ^VGLLlJLA 
50 {-1>ORF 

MTVLAPAWSPTTYLLLLUXSSGLSGFTQDC^^ 

WAGSKMQGLLERVNTEIHFVTKCAFQ 

PPPAVFASSRPTSPASCRRPPSSWWR 

55 MTVLAPAWSPTTYLLLLLLLSSG LSGTQDCSFQHSP IS S D FAVKI RELSOYLLQDYPVTVASWUQD EELC6GLW RtVLAQRWMER LK 
WAGSKMQGU£RVNTE!HFVTKCAFQ 

PP(P)QLSSLRPDQHLPPPAGDLRAAGGAEALOHSPELLPVPGAAVSAR 

OGT 
mow 

60 ftaXH^Rn/LVREGlMISP^PPPPNLmPLQlFPFPFTSFPSH 

KAVTU)PNFUDAYfNLGNVU<iARlFDRAVMY^ 

EKG5VAEAEDCYNTAU*lCPTOADSU*INLANra 

PTFAQAY5FflV1GmTJ<EM<^VQGALQC^^ 

V\TOYDERMKKLVS|VAOatJEKNRU J SW 
65 FGMHPTSHLMQSFGMKNPDKFEVFCTfALSPDDGTNF^^ 

AU^PAPlQAMWLGYPGTSGAU^YITOQErSP^ 

DLKAFUJSlPDVKlVWWKGPDGGDNADSShro^ 

TRSQYGU»EDAIWCNFNQLYWDPSTl£Fi^^ 
„ ADVCU>TPLCNGKTTGIOT\A.WAGn^VTMPGEriA$RVAASQt^ 
70 SP LF^^rKQY^^VlELERLYLC^MWEHYAAG^^I<PD HWH KPVEVTESA 

(-DORF 

MLQGHFWLVREGIMISPSSPPPPNLFF5LYKFSPFPLPPFPPIFFH 
MLQGHFWLVREGIMISP5SPPPPNLFFCF)PFTNFPLSLYLLSLPSSnNPS 
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ELAVL3 

(wt)ORF 

MESQVGGGPAGRPAOTPUGfirNGATQDSKnWVm^ 
AlhrrUJGLW>QfrKnKVSYARPSSASiRDANUYVSGLPKrM 
5 U^GQKPLGAREPrTVKFANNPSQKITSQAUJHlYQSSARRY 
AAGGV\TCIF\rrNL£PEPDQSVLWQU r GPFGA\m^\^ 
HKA. 
|-1)ORF 

MESQVGQARPAGLPNGHSLVQMEPLTTARPrSSSTTCPRT 
10 (*1)/(-2)ORF 

MESQVGS(G)PGRPACPTATPWyKkWSH 

MAC30X 

U^HQRVQAQfnWGGSfTORCVEmiGU^^ 
1 5 VFQLPFFPlATYAFU<GSCWftflRTPAIlYSWT1\^ 

KYEEKRKKK s 
(-1)ORF 

° U^SHQRVC^QPTOYGGSFTRRCVB/VLLGLYFLSHlPrrtFIVlDLjQAW^ 
VPQLPFFPIATYAFLKGSCKflflRTPAOYSVHTOT 
20 KVEEKRKKNEGNNHWPRVEM^ 
<+1J/(-3)ORF 

iFSHClRVQAQPTDYGGSFTRRCVBMXGLYFLSHIPrTLPM 
VFQLPFFPlATYAFLKGSCl^RTPAIlYSVHTWf^^ 
KVEEKRKKtfQMftsTTTGPG 

25 SLC4A3 

(W90RF 

fo^GVlPPPC^ASPLPQVRVPLEEPPLSPDVEEEDDDLGIC^ 
ARUWHKUraiJPTSARWTRRraWKEK^^ 

DDSPGLPGRAAVTKPlPSVGPHTDKSPQHSSSSPSPRARASRLAGEKSRPVtfS^ 
30 ^QMLGSADLDDMKSHRIEDNPGVRRHL\/IC<PSRTQGGRGSPSGLAP^ 
TARWiKFEiDVEEETERWGKPHVASL^^ 

DDKDSGTFTONPSSSSMWSVIjGNHHPTPSHGPDGAVFTMADDLQEPAPL 

EATV\/LVGCVPFt£QPAAAF\mUAEAVU£SVLE\^^ 

SEFU0GSIWPSEVEGRDUJ*3VAAFQRElLRt^REREQTKVE&^^ 
35 DVRRRYPHYPSDIADAUJSQCVMVLFJYFA^^ 

EAFFKPGRAQDl£YLTGRVWVGUWLWFVWL^ 

LAAGl^NGSAU J PTEGPPSPRNQPhrrAll£UUVilGTFFlAF^ 

PTGLSWSPDKRSWRPPLGSARPFPPWWnWAAAWALLVUUFM 

LTAATVRSVTHVNALTVMRTAlAPGBKPQtQi^^ 
40 MPAKHHPEQPYVTKVKTWRMHLFTCIQLGO^^ 

DEYNELHMPV 

(-I)ORF 

MANG\nPPP6GASPLPQVRmiEPPLSPD\mEEDDDLGI^ 
ARlPPPHKUTOLPPTSARHTRRKRtQ<EICrSAPPSEGTPPIQEEGGAGW 
45 RI\mAQASLGGLl^P$PCPKWAHTLTRAPSTPAAPP 
RRRPRCWVUQ7WTT 
(*W(-2)ORF 

MAN6\flPPPGGASPLPQ\mVPLEEPPLSTOVEffi^ 

ARkPPPHKURRU'PTBARKn^RKRKKBCTSAPPSEGTPPIQEEGGAGVDEEEE 

50 PRKDC 

(wt)ORF 

MAGSGAGVRCSLIJ^ETISMDRCGAAIAGHQURGI^QECN^ 

FLCIFLEKMGQKIAPYSVBKNTCTSVY^ 

GUXaEVHPSEMINMENl^RAFLGEUCTQWrrSAVR 
55 VPSAGU^ALHASC^STCUJ)^SU S E 

SNNKEUSIAIRGYGU^AGPCKMNAKDVDFIWYVEUQRCKQMFL^ 

MQIDSFPQYSPKMQLWCRAlVlO/FLALMKGPVlRNClSTVVHQGURIC^ 

VDLFWLISSDQMMDSIIADEAFFSVNSSSESLNHU^ 

KPKDFSARNLVEFCRE|LPEKC^EFFEPV\AfifcFSYT£ULQSTRLPU^ 
60 (-I)ORF 

NJAGSeA6\mCSUJ*LQEnJ5AADRCGAAlAGHQURGL^ ^ 
FlXIFLEKMGQKlAPYSVEIWireTSVYTKDRAAKCKIPAU^ | 
i*1)/(-a}ORF 

MAGSGAGVRCSUJlLQEnjSAADRCGAAU^ € 

UVRAG 1 

MSASASVGGPVFQFPFGPAMlPPeS^^ 
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(-1)ORF 

^^SA5VGGPVPQPPrePAAALPPGSAAF^LHVELPSQQRRL»^LRN^AAR 
NSU^PTVVRSLDRGfl^RLOTSVSCFVVKWGGKEI^ 

QKnLLQVDQNCVRNSYDVFSLLHLH^ r 

5 (*i)/(-a)ORF 

msasasn/ggpvpopppgpaaalppgsaaralttveu^^ 

n s ln p7wrsld f gimpd r lots vs c fwkjwggkeniyq lu ewkvc ldgucylgqqi kar n on el f fglndgyygapfehkgys n a 
qktIllqvOqncvrnsytjvfsujukraqcaiwqtqvtvqkigkh 

MSH3 

10 (WQORF 

MSRRKPASGGLAASSSAPARQAVLSRFFQSTGSUST^^ 
RKiQ^Pt£NDGPVKXKVKKVQC2KEG6SDLGMSGN8EPIQ<CU%TRNV 
DISUJtAKNAV5SEDSKRQlNQKDTTI^Dl&QFGS$NT$H^ 
FFGEDAEIMRELN(YCHLDHNFMTASIPTMR1JFVHVRRLV^^ 
1 5 UKLDDAVNVDEIMmrSTSnr^ 

TEAUHRAT$VSVC©DRlRVERMONnfFEY5HAFQA 
QLSSKMEFMnNGTTUWLElLQNCnDMKrKGS^ 
HLRKLPDIGRGkCSJYHKKCSTQEFFUViOLYHlJ^ 
„ LSOFPUKKRKDHQ(^DElRMHLQEIRK!LKNPSAQY\^^ 
20 REQLVU>CSABAAJ)FLH<FSEHYHSLCKAV^^ 

DLSEDSERVMlTTGPNMGGKSSYlKQVALmMAQIGSWPAEEATlGlVDGirmMGAADNlYKGRST^ 

DELGROTSTHDGIA1AYATLEYRRDVK51TUVTHYPP FVTFLYQfTRG 
1AARSYG LN VAKLAD VPGEJ U<KAAHKSKEliGU^^^<RKRUClfFAKLWTMH NAQ D LQKWTEEFNMEETQTSLLH 
oc (-1)ORF 

25 MSRRKPASGGlAASSSAPARQAVLSRFFQGTOSLKSTSSSrTGAAOQVDPG 
RKKRPLENDGPVKKKMOCVQQKEGM^ 
DISU><AKNA\te$ED$KRQtNaKDTTU^LSQ^ 
FFGEDAEIAAREUIIYCHLDHNFMTAStPTTO^ 
UIOODAVNVDaMTOTSTSYLlCISENKENVRDKKRAT^^ 
30 |+1M-2)ORF 

MSRRKPASGGL^ASSSAPARQAVL5RFFQSrresU<ST^STCAADQVDPGAAAA 
RKKRPLENDGPVKKKVKKVQQKEGGSDLGMS^^ 
DISLLHAKMVSSEDSKRQINQKIJTTLra 

FFGEDAEIAAREWfYCHLDHNFMTASIPTHRLFVHVRRUVAKGY^ 

35 uKu^AVNVDEiNrnr^ 
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